Calpain activation and not oxidative damage mediates L-2-chloropropionic acid-induced cerebellar granule cell necrosis.
Possible biochemical events involved in L-2-chloropropionic acid (L-CPA)-induced delayed cerebellar granule cell necrosis following N-methyl-D-aspartate activation were studied in vivo. We examined whether the calcium-sensitive proteolytic enzymes, the calpains, may be activated by L-CPA or whether the generation of excess quantities of cytotoxic free radicals may play a role in the neurotoxicity produced by oral administration of L-CPA (750 mg/kg, pH 7.0). Evidence for free radical-induced cellular damage was examined using biochemical approaches such as examining brains from L-CPA-treated rats for increased lipid peroxidation, DNA damage, or protein oxidation. Second, the ability of antioxidants to provide neuroprotective activity against L-CPA-induced neurotoxicity was examined in vivo. Western blotting using antibodies against spectrin (alpha-fodrin) demonstrated evidence for calpain (EC 3.4.22.17) activation in the cerebellum, but not in the cerebral cortex of L-CPA-treated rats at 36 and 48 hr after L-CPA dosing. In contrast, there was no evidence for oxidative damage to cerebellar proteins or lipids in L-CPA-treated rat brains compared to controls. We also could not find evidence for DNA damage using the TUNEL method for the detection of single- and/ or double-strand breakage in situ in L-CPA-treated brains. We examined whether a number of reported antioxidants may be effective against L-CPA-induced neurotoxicity. The aminosteroids U74389G and U83836E, the free radical scavengers 3-methyl-1-phenylpyrazolin-5-one and N-tert-butylphenylnitrone, and the iron chelator N-ethoxy-2-ethyl-3-hydroxypyridin-4-one were all ineffective in attenuating L-CPA neurotoxicity. We suggest that L-CPA-induced cerebellar necrosis is the result of calpain activation which results in the degradation of cytoskeletal proteins and other proteins necessary for cellular biochemistry. We could find no evidence of oxidative damage to cerebellar proteins, lipids, or DNA as a result of excess amounts of free radicals, and selective antioxidants were unable to provide neuroprotection against L-CPA neurotoxicity, suggesting that oxidative stress does not play a role in the granule cell necrosis.